Taenia solium-taeniasis and cysticercosis are diseases present in developing countries, which are associated with social and environmental conditions such as lack of latrines, poor hygiene, and free roaming pigs with access to human faeces (WHO 2002) . These conditions are common in the Andes, including Ecuador, where T. solium infections are endemic. Rodriguez-Hidalgo et al. (2003) carried out a survey in Imbabura, in the North of Ecuador where the temperate climatic conditions allow keeping pigs in farming conditions characterised by tethering or corralling. In this region, the prevalence of taeniasis and cysticercosis in humans was 1.05 and 5.11%, respectively. The prevalence of porcine cysticercosis was 9.01%.
While Rodriguez-Hidalgo et al. (2003) used antigen detection to determine cysticercosis prevalence, most studies in Latin America used antibody detection for immunodiagnosis (e.g. Gonzalez et al. 1990 , Diaz et al. 1992 , Garcia Noval et al. 1996 , Sanchez et al. 1997 , Goodman et al. 1999 , Garcia et al. 2003 , Cruz-Licea et al. 2003 , PrestesCarneiro et al. 2006 . Both methods attempt to measure the proportion of infected individuals, however, antigen detection is restricted to the detection of viable cysticerci, while the finding of antibodies can indicate the presence of both viable and degenerated cysticerci or past infection (Dorny et al. 2004a ). Moreover, Garcia et al. (2001) demonstrated that in cysticercosis-endemic areas of Peru and Colombia approximately 40% of people, seropositive by enzyme-linked immunoelectrotransfer blot (EITB) had become seronegative when resampled after 1 to 3 years. This indicated that transient antibodies might occur following exposure to T. solium eggs.
The aim of this study was to evaluate the cysticercosis/taeniasis situation in an endemic community in the southern Andes, where conditions are prone to transmission of T. solium, i.e. extensive pig husbandry and few or no latrines. We aimed to sample the entire human and pig populations in a defined community. Serum samples of man were screened with an antigen detecting test, and stool samples by coprological examination. Pigs were examined by tongue palpation. In addition, antibody tests on serum samples were performed on sub-populations of man and pigs.
MATERIALS AND METHODS
Study area and population -The study was done in Limones (80º21'W, 4º23'S), a rural community (about 35 km 2 ) in the southern Andean province of Loja, bordering Peru. The region has two well-defined climatic seasons, i.e. a rainy season between December and May and a dry season during the rest of the year (average annual rainfall 472 mm and average annual temperature 26ºC). Pig rearing is marginal in this arid region: the animals are left free roaming in search of feed during the day time and confined at night and usually kept only for local consump-tion (Benitez-Ortiz 2001) . According to preliminary censuses in January 2003, Limones is composed of 17 neighbourhoods with 222 families. In total, 1059 inhabitants and 1148 pigs were recorded.
Experimental design -The survey was carried out during the dry season (July-August) of 2003. The local authorities and community leaders were contacted and informed about the project. Each individual household was visited and all persons between 2 and 80 years were invited to participate in the survey. Vials for collecting stool samples were distributed to be collected the next day together with a blood sample taken at the local health centres.
Taenia carriers who were identified following examination of the stool samples were offered cestocidal treatment, i.e. a single oral dose of praziquantel at 10 mg/kg b.w. and a tablet of laxative "Dulcolax" (Boehringer Ingelheim GmbH, Germany). Following treatment, tapeworms or their fragments were collected from the stools and stored in ethanol 70% for species differentiation. People who were negative for Taenia spp. eggs but appeared to be infected with gastrointestinal nematodes were offered a single dose of albendazole (400 mg).
Pig owners were requested to keep their animals penned. From the estimated 1148 total number of pigs in the community, 646 were submitted to the visual inspection of the ventral face of the tongue (Gonzalez et al. 1990 ). Pigs positive to tongue inspection were treated immediately with a single oral dose of oxfendazole (30 mg/kg b.w) (Gonzalez et al. 1996) .
A computer-generated random sample of 100 persons was selected among the participants. The serum samples from these persons were analysed by EITB (Tsang et al. 1989) for the detection of circulating antibodies against T. solium cysticerci.
One hundred pig serum samples were collected from the external jugular vein as described by Framstad et al. (2004) and examined by EITB, including 23 tongue-positive pigs and 77 randomly selected tongue-negative pigs.
The protocol of this survey was approved by the Ethical Committee of the Central University of Ecuador.
Diagnostic methods -Blood samples were centrifuged and the sera were transferred at 4°C to Quito-Ecuador where they were frozen at -20°C until analysis. Tongue inspection was performed in pigs, visually and by palpating the ventral lingual surface as described by Gonzalez et al. (1990) . Faecal samples were analyzed by the formalin-ether method (Ritchie 1948) . Tapeworms collected from human stools following praziquantel treatment were differentiated by morphological characteristics, glucose phosphate isomerase (GPI) patterns and polymerase chain reaction-restricted fragment length polymerase (PCR-RFLP) as described by Rodriguez Hidalgo et al. (2002) .
Sera from humans were tested in an Ag-ELISA (Brandt et al. 1992 ) with the modifications, including pre-treatment of the sera by trichloroacetic acid and the interpretation of the results, as described by Dorny et al. (2000) and Erhart et al. (2002) . Because a preliminary experiment, consisting in the dissection of the entire carcass of five pigs that were found positive in the Ag-ELISA, revealed that two pigs were infected with metacestodes of T. solium, another two with T. hydatigena and one pig with both parasites, it was decided not to use this test for serodiagnosis. T. hydatigena infections in pigs are known to crossreact in the Ag-ELISA (Dorny et al. 2004b) .
Human and porcine sera were tested, at the Cayetano Heredia University in Lima-Peru, by EITB (Tsang et al. 1989) , for antibodies against seven T. solium glycoprotein antigens.
RESULTS
Human population -From the 1059 inhabitants, 800 serum samples and 958 stool samples could be collected. A total of 18 sera [2.25% (CI 95%: 1.34-3.53)] were positive for T. solium metacestode circulating antigens (age range from 5 to 78 years). From the 958 faecal samples 14 [1.46% (CI 95%: 0.80-2.44)] were positive for Taenia spp. eggs by coprological examination (age range from 12 to 73 years). All except two positives were from separate households. Following treatment of these carriers, 12 worms were collected. All of these worms were identified as T. solium. Among these tapeworm carriers four individuals were positive by Ag-ELISA. One of these individuals who was positive in both Ag-ELISA and EITB developed clinical symptoms, i.e. severe headache and epileptic seizures, shortly after treatment for taeniasis. He was referred to a hospital in Loja city where neurocysticercosis (NCC) was confirmed by CT-scan and where he was treated.
From the subset of human serum samples collected for further analysis, six samples were positive by Ag-ELISA while 40 samples were positive by EITB. In the EITB, three samples recognised all seven glycoproteins (GP), while two samples showed 5 bands, two samples 4 bands, 16 samples three bands, 7 samples two bands and 10 samples only one band. The proteins most frequently recognised were the GP50 (85%), GP39-42 complex (88%) and GP 24 (90.5%); the lower molecular weight proteins (GP21 (10%), GP18 (10%), GP14 (7.5%) and GP13 (17.5%)) were less recognised. From the six samples positive by Ag-ELISA, only two were positive by EITB, showing one (GP50) and three bands (GP50, GP39-42, GP24), respectively.
Pigs -From the 646 pigs examined, 23 [3.56% (CI 95%: 2.27-5.29)] had between one and 20 cysts in the sublingual surface.
In the subset of 100 pigs 74 serum samples were positive in EITB, including the 23 pigs with cysticerci at tongue inspection and 51 tongue negative pigs. Like for the human samples the proteins most frequently recognised in the EITB were the GP50 (97%), GP39-42 complex (75%), and GP 24 (72.5%); the lower molecular weight proteins [GP21 (5.5%), GP18 (7%), GP14 (1.5%) and GP13 (12%)] were less recognised. None of the samples recognised all seven GP, three samples reacted with six bands, one with five bands, seven with four bands, 46 with three bands, five with two bands and 12 with one band.
DISCUSSION
This study demonstrated the presence of T. solium in humans and pigs in a rural community in the southern Andes of Ecuador. More than 80% of the human popula-tion participated in the study and more than 56% of the pigs could be inspected by tongue examination. Therefore, we consider this sample to be representative for the human and pig populations in the surveyed community.
Taeniasis was detected in 1.46% of the human population by microscopic examination; which is slightly higher than the results from similar studies in the North of Ecuador (Rodriguez-Hidalgo et al. 2003) . However, all Taenia in this study were identified as T. solium whereas in the North only eight out of 29 worms collected were T. solium, the other 21 worms being identified as T. saginata.
With this higher percentage of T. solium tapeworms in the population also a higher percentage of human and porcine cysticercosis cases would be expected. Nevertheless, the percentage of Ag-ELISA positives in humans was lower than in the study in the North. In contrast, the percentage of tongue-positive pigs in the South was higher (3.56%) than the number of carcass inspection-positive pigs detected in the North (0.52%). However, tongue and meat inspection have an equally low sensitivity (Dorny et al. 2004b) , therefore, these figures probably seriously underestimate the real prevalence of porcine cysticercosis in both regions.
EITB performed on a sub-set of 100 randomly selected individuals indicated a very high proportion of the human population carrying antibodies against T. solium: among these 100 individuals only six had circulating antigens and more than 40% had circulating antibodies. The proportion of antibody positive pigs among the randomly selected tongue negatives was also very high [66% (CI 95%: 54-77)].
While Ag-ELISA measures active cysticercosis, detection of circulating antibodies indicates exposure and thus not merely active infection (Dorny et al. 2004a ). Thus, a positive antibody test would indicate infection, active or past, or a transient antibody response (Garcia et al. 2001 , Gonzalez et al. 2006 . The high proportion of antibody positives in humans and in pigs would reflect high exposure rate in the study area. Indeed, risk factors for taeniasis-cysticercosis such as open-air defecation, free roaming of pigs, and the eating of undercooked pork are very prominent in Loja province. In this area pigs have been seen to cover wide distances for finding feed and water, which increases the risk of infection of pigs.
The data shown in this study suggest that frequency of contact with oncospheres may be an important factor in the development of endemic stability (Gonzalez et al. 2006 ). This has been described in other parasitoses such as malaria and lymphatic filariasis (Coluzzi 1999 , Melrose 2002 . In the context of human cysticercosis "endemic normal" (Melrose 2002) would thus refer to people who, despite regular exposure to oncospheres and subsequent development of an antibody response, have only temporarily or never developed viable cysticerci in the CNS, hence do not show clinical evidence of disease. The clinical prevalence of NC in this region merits further studies; however, preliminary results indicate low involvement of NC in epilepsy cases.
More data are needed to support the hypothesis of endemic stability in cysticercosis, yet, these observations point to the importance to differentiate between persons with active cysticercosis and those having been exposed to oncospheres, i.e. the simultaneous use of antigen and antibody detection, ideally supported by neuro-imaging.
As a final conclusion, high exposure of humans and pigs to oncospheres of T. solium was demonstrated in a region where the harsh climatic conditions are a major constraint for agriculture, which directly affects pig husbandry. In spite of the limited number of samples that could be analyzed by EITB, it was demonstrated that a high percentage of humans and pigs have antibodies against the parasite. Most of the infected individuals, however, did not show any evidence of NC. In addition, our findings point out the difference of interpretation of test results based on direct and indirect immunodiagnostic methods and suggest the use of multiple diagnostic methods to determine the true prevalence of the disease. This multi-testing based diagnosis will allow a better understanding of the epidemiology of the taeniasis-cysticercosis complex and may also support individual diagnosis.
